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Description 

The present invention relates to a cross-lami- 
nated non-woven fabric composed of a warp web 
and a weft web laminated crosswise together and 
having a strength in both of the lengthwise direc- 
tion and the transverse direction. It also relates to a 
method of making such cross-laminated non-woven 
fabric. 

Throughout the specification and claims, the 
term "warp web" is used to refer to a web formed 
of fibers arranged to extend substantially in the 
lengthwise direction of the web and hence having a 
larger strength in the lengthwise direction than in 
the transverse direction. Likewise, the term "weft 
web" is used to refer to a web formed of fibers 
arranged to extend substantially in the transverse 
direction of the web and hence having a larger 
strength in the transverse direction than in the 
lengthwise direction. Further, the term "cross-lami- 
nated non-woven fabric" is used to refer to a non- 
woven fabric having a laminated structure com- 
posed of the aforesaid warp and weft webs united 
together into layers with fibers in the warp web 
extending crosswise with fibers in the weft web. 

US 4,517,714 discloses a method of producing 
a two-ply web by rolling together two identical 
webs with lateral stretching during rolling. 

DE-A-1 ,900,265 discloses a method of cross- 
laminating non-woven webs to form a two-ply web. 

Conventional random-laid non-woven fabrics 
are excellent in bulkiness and texture but they have 
only a limited strength which is not comparable to 
the strength of woven fabrics. The non-woven fab- 
rics also have excellent water permeability and 
filtering characteristics. With such excellent water 
permeability and filtering characteristics, the non- 
woven fabrics have recently found their new ap- 
plication to "geo-textiles" (fiber materials for the 
civil engineering and construction). Such new ap- 
plication is however substantially limited due to the 
limited strength of the conventional random-laid 
non-woven fabrics. With this difficulty in view, the 
present inventors have proposed various attempts 
to increase the strength of the conventional non- 
woven fabrics. According to one such attempt, 
there is provided a non-woven fabric having a 
laminated structure composed of a warp web of 
parallel-laid non-woven fabric and a weft web of 
parallel-laid non-woven fabric united with the warp 
web in such a manner that fibers in the warp web 
extend crosswise with the fibers in the weft web. 
The thus laminated non-woven fabric has an in- 
creased strength but this strength is still lower than 
the strength which is necessary for application to 
the geo-textile for the civil engineering and con- 
struction. 



With the foregoing difficulties in view, the 
present invention seeks to provide a cross-lami- 
nated non-woven fabric which has a strength com- 
parable to the strength of woven fabric and hence 
5 can be used as a geo-textile, i.e. fiber material for 
the civil engineering and construction. 

The present invention further seeks to provide 
a method of making such cross-laminated 
stretched non-woven fabric at an increased rate of 
70 production. 

According to the present invention, there is 
provided a method of making a cross-laminated 
non-woven fabric comprising the steps of: 

(a) forming a first web of random-laid non-woven 
75 fabric; 

(b) stretching the first web in the lengthwise 
direction; 

(c) forming a second web of random-laid non- 
woven fabric; 

20 (d) stretching the second web; 

(e) laminating the first and second stretched 
webs in such a manner that the respective di- 
rections of stretch of said first and second webs 
are crossed perpendicularly to one another; 
25 characterised in that prior to the stretching of 

the webs, the non-woven fabrics of the first and 
second webs are of substantially un-oriented fila- 
ments held together, and in that the stretching of 
the fabrics is such as to cause the individual un- 
30 oriented filaments to be substantially stretched, 
thereby causing a molecular orientation therein. 

Throughout the specification and claims, the 
term "un-oriented filaments" is used to refer to 
those filaments which are not drawn, drafted or 
35 stretched, which are free from molecular orienta- 
tion, or which are extendible more than two times 
its original length when stretched at a proper 
stretching temperature. 

Many other advantages and features of the 
40 present invention will become manifest to those 
versed in the art upon making reference to the 
detailed description and the accompanying sheets 
of drawings in which preferred structural embodi- 
ments incorporating the principles of the present 
45 invention are shown by way of illustrative example. 
Figure 1 is a schematic perspective view show- 
ing the manner in which a cross-laminated non- 
woven fabric is produced from two identical con- 
tinuous longitudinally stretched non-woven fabric 
so webs according to the present invention; 

Figure 2 is a schematic perspective view illustra- 
tive of the manner in which a longitudinally 
stretched non-woven fabric web and a trans- 
versely stretched non-woven fabric web are 
55 laminated together to form a cross-laminated 
non-woven fabric according to the present in- 
vention; 
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Figure 3 is a bottom view of a spinning nozzle 
used for forming filaments arranged or laid 
transversely of a web; 

Figure 4 is a schematic vertical cross-sectional 
view of an apparatus incorporating the spinning 
nozzle shown in Figure 3 for the formation of a 
non-woven fabric having filaments laid trans- 
versely thereof; 

Figure 5 is a cross-sectional view taken along 
line V - V of Figure 4; 

Figure 6 is a diagrammatical view showing the 
general construction of a proximity longitudinal 
stretching apparatus; 

Figure 7 is a diagrammatical view showing the 
general construction of a rolling apparatus for 
rolling a non-woven fabric to stretch the same; 
Figure 8 is a schematic perspective view of an 
apparatus including pulleys for transversely 
stretching a non-woven fabric; 
Figure 9 is a fragmentary cross-sectional view of 
an apparatus including a cooperating pair of 
grooved rolls for transversely stretching a non- 
woven fabric. 
Figure 1 shows a manner in which a cross- 
laminated stretched non-woven fabric is continu- 
ously produced according to the present invention. 
The cross-laminated stretched non-woven fabric is 
composed of a continuous warp web 1 of longitudi- 
nally (lengthwise) stretched non-woven fabric 
formed of generally longitudinally arranged fila- 
ments, and a succession of weft webs 2a, 2b, 2c of 
stretched non-woven fabric united with the warp 
web 1 with their adjacent edges overlapped with 
each other. The weft webs 2a - 2c are disposed on 
the warp web 1 by severing a continuous web 2 of 
longitudinally stretched non-weven fabric (identical 
to the warp web 1) successively into individual 
lengths substantially equal to the width of the warp 
web 1 as the warp web 2 is fed transversely over 
the warp web 1 in timed relation to the movement 
of the warp web 1 . Then the warp web 1 and the 
weft webs 2 disposed thereon are united together 
by heat-bonding with a cementing medium. The 
cementing medium is retained in at least one of the 
warp and weft webs 1, 2 in the form of adhesive 
filaments produced either concurrently with, or sep- 
arately from, the extrusion of a main polymer, short 
staple fibers, an adhesive powder or bubbles. The 
bonding of the warp and weft webs 1, 2 may be 
carried out by first dipping the webs 1, 2 into a 
liquid adhesive such as an emulsion adhesive, then 
squeezing the webs 1, 2 to remove an excess 
amount of adhesive, and finally drying the webs 1, 
2 either natually, or forcibly by means of a hot 
drum, a hot air chamber or an infrared oven. The 
warp and weft webs 1, 2 may be united together 
mechanically by punching with barbed needles. 



According to the foregoing cross-laminating 
process, it is possible to produce a cross-laminated 
stretched non-woven fabric at a rate of 40 - 50 
m/min even when the non-woven fabric has a width 

5 greater than 3 m. A further advantage is that the 
cross-lamination of the warp and weft webs 1, 2 
enhances the strength of interengagement between 
the individual filaments in such a manner as to 
mend or reform a local separation or breakage of 

70 such interengagement which may occur when the 
webs 1, 2 are longitudinally stretched prior to the 
bonding. The cross-laminated stretched non-woven 
fabric thus produced has a large strength in both of 
the lengthwise direction and the transverse direc- 

75 tion. For instance, the tensile strength of the 
present non-woven fabric is more than three times 
as large as the. tensile strength of a conventional 
random-laid non-woven fabric which has the same 
basis weight as the present non-woven fabric. Like- 

20 wise, the present non-woven fabric have an impact 
strength, a tear strength, a punching resistance and 
a seam tear resistance which are about five times 
as large as those of the conventional random-laid 
non-woven fabric. Furthermore, the Young's 

25 modulus of the present non-woven fabric is more 
than five times the Young's modulus of the conven- 
tional non-woven fabric, and the the elongation of 
the present non-woven fabric is substantially small- 
er than the elongation of the conventional non- 
30 woven fabric. Accordingly, the cross-laminated 
stretched non-woven fabric of the present invention 
has an excellent dimensional stability. 

Figure 2 shows another laminating process ac- 
cording to the present invention, wherein a continu- 

35 ous warp web 1 of longitudinally or lengthwise 
stretched non-woven fabric and a continuous weft 
web 3 of transversely or widthwise stretched non- 
woven fabric are supplied into a web laminating 
apparatus in superposed relation to one another. 

40 The superposed warp and weft webs 1, 3 are 
united together as they travel successively around 
a cooperating pair of nip rolls 4a, 4b, a hot pres- 
sure roll 5 and a nip roll 7 which is held against the 
hot pressure roll 5. The warp and weft webs 1 , 3 

45 are united by bonding with a cementing medium in 
the same manner as done in the embodiment 
shown in Figure 1. In case where an emulsion 
adhesive is used as a cementing medium, the nip 
roll 4a is partly immersed in a bath of emulsion 

50 adhesive for applying the adhesive to the warp and 
weft webs 1 , 3 as they travel around the nip roll 4a. 
The laminated non-woven fabric 7 has substantially 
the same strength as the laminated non-woven 
fabric of the first embodiment shown in Figure 1. 

55 Since the weft web 3, as opposed to the weft webs 
2a - 2c of the first embodiment shown in Figure 1 , 
is continuous and devoid of overlapping regions, 
the non-woven fabric 7 is structurally uniform 
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throughout the entire area thereof. 

The filaments constituting the warp webs 1, 2 
and the weft webs 2a -2c, 3 are composed of 
substantially un-oriented filaments before they are 
stretched. The un-oriented filaments are formed by 
a melt spinning device shown in Figures 3 through 
5. The melt spinning device comprises a nozzle 
plate or spinneret having a central spinning nozzle 
8 for extruding a spinning melt of polymeric ma- 
terial in a downward direction to form a filament 9, 
a plurality (six in the illustrated embodiment) of 
oblique first air holes 10-1 through 10-6 disposed 
circumferentially around the spinning nozzle 8 at 
equal angular intervals for forcing air against the 
filament 9 while being extruded to thereby cause 
the filament 9 to move spirally into a downwardly 
spread conical shape, and a pair of diametrically 
opposite, horizontal second air holes 11, 11 dis- 
posed one on each side of the spinning nozzle 8 
and located at a downstream side of the first air 
holes 10-1 - 10-6 for forcing air in opposite direc- 
tions parallel to the direction of movement of a 
screen mesh 12 so as to form two streams of air 
striking at a position directly below the spinning 
nozzle 8. The two air streams thus struck causes 
the spirally moving filament 9 to spread laterally 
outwardly in a direction perpendicular to the direc- 
tion of movement of a web of non-woven fabric 13 
while being formed on the screen mesh 1 2. 

The oblique first air holes 10-1 through 10-6 of 
the spinneret extend tangentially to the spinning 
nozzle 8 as shown in Figure 3 and also extend 
obliquely at an angle with respect to the central 
axis of the spinning nozzle 8 as shown in Figure 4. 
With this arrangement, air blown-off from the re- 
spective air holes 10-1 - 10-6 substantially con- 
verge at a region spaced downwardly from the 
spinning nozzle 8 by a distance of from several 
centimeters to more than ten centimeters. The 
streams of air thus converged causes the spiral 
movement of filament 9 stated above. The filament 
9 deposited on the screen mesh 12 is mainly laid 
or arranged transversely of the non-woven fabric 1 3 
while being produced and hence the non-woven 
fabric 13 is particularly suitable for being stretched 
transversely thereof. As an alternative, the first air 
holes 10-1 through 10-6 may be arranged linearly 
in the vicinity of the spinning nozzle 8 on condition 
that air blown-off from the air holes 10-1 through 
10-6 strikes the filament 9 to thereby cause the 
same to be spread to some extent before the 
filament 9 is widly spreaded by the air blown-off 
from the second air holes 1 1 . The non-woven fabric 
13 produced by the melt spinning apparatus with a 
single spinneret has a width of about 100 - 300 
mm. A non-woven fabric having a width more than 
300 mm can be produced by a melt spinning 
apparatus having a plurality of transversely ar- 



ranged spinnerets. Furthermore, it is possible to 
produce a dense non-woven fabric at a high speed 
by utilizing a melt spinning apparatus in which a 
plurality of spinnerets are arranged lengthwise of 

5 the non-woven fabric. 

The air blown-off from the first air holes 10-1 
through 10-6 and the air blown-off from the second 
air holes 11 are heated at a temperature higher 
than the melting temperature of a polymeric ma- 

w teriai used for the formation of the filament 9. 
Heating of either one of the air supplied from the 
first air holes 10-1 through 10-6 and the air sup- 
plied from the second air holes 1 1 may be omitted 
depending on the kind of the polymeric material 

75 used. With the use of the hot air, the filament 9 
while being formed does not undergo substantial 
molecular orientation. 

The spinneret described above can be used for 
the formation of a non-woven fabric composed of 

20 un-oriented filaments laid or arranged substantially 
in the lengthwise direction of the fabric. In this 
instance, the spinneret is turned about the central 
axis of the spinning nozzle 8 through an angle of 
90 degrees from the position shown in Figure 3 to 

25 a position in which the second air holes 11 extend 
perpendicular to the direction of movement of the 
non-woven fabric while being produced. The thus 
formed non-woven fabric is particularly suitable for 
the longitudinal stretching process. 

30 Eligible materials for the filaments of the 

present non-woven fabric include pllyolefine such 
as high density polyethylene (HDPE) or poly- 
propylene (PP), polyester, polyamide, polyvinylch- 
loride, polyacrylonitrile, polyvinylalcohol, polyure- 

35 thane, and other polyers which are stretchable and 
make an increase in strength when they are 
stretched. 

According to an important feature of the 
present invention, the starting material used for the 
40 formation of a non-woven fabric comprises sub- 
stantially un-oriented filaments. The un-oriented 
filaments have the following characteristics: 

(a) low yield strength: they can be elongated by 
a small force; 

45 (b) large elongation (more than several times the 
original length) at a proper stretching tempera- 
ture; and 

(c) high strength at room temperature after 
stretched at the proper stretching temperature. 

50 It has experimentally proved that a non-woven 

fabric formed of the un-oriented filaments have 
been stretchable by a tension which is lower than 
or substantially equal to the strength of interen- 
gagement between the individual filaments. In this 

55 instance, the individual filaments are stretched to 
an extent that they are caused to be rearranged to 
lay in a direction substantially parallel to the direc- 
tion of stretch. With this stretching of the individual 
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filaments, the ratio of longitudinal (lengthwise) 
strength to transverse (widthwise) strength is 
changed from about 7:3 to a range of from about 
5:1 to about 10:1. 

In the strict meaning, the un-oriented filaments 
may not be completely free from molecular orienta- 
tion. Rather, the un-oriented filaments include those 
filaments which can be elongated several times 
(preferably more than two times) the original 
length. Such highly extendible filaments can be 
manufactured by the melt spinning which is de- 
scribed above with reference to Figures 3 through 
5. 

As opposed to the non-woven fabric formed by 
the present invention, the conventional random-laid 
non-woven fabrics are mere planar assemblies of 
filaments held together either by mechanical inter- 
locking, or by bonding with a cementing medium. 
Since the strength of interengagement between the 
filaments is smaller than the strength of the individ- 
ual filaments, mere stretching of such non-woven 
fabric automatically results in a breakage of in- 
terengagement between the filaments before a sub- 
stantial stretching or rearrangement of the filaments 
takes place. Furthermore^ the conventional stretch- 
ing processes give no consideration on various 
irregularities which are present in the thickness of 
the non-woven fabric, in the degree of interen- 
gagement between the filaments, and in the bond- 
age of the filaments of the non-woven fabric. The 
non-woven fabric having such irregularities is likely 
to be ruptured when subjected to stretching forces 
due to stress concentration in structurally weak 
areas or portions of the non-woven fabric. Thus, a 
high magnification of stretch of the non-woven fab- 
ric cannot be obtained by the conventional stretch- 
ing processes. 

Furthermore, the conventional non-woven fab- 
rics include short staple fibers or filaments. In a 
random-laid non-woven fabric made either by a dry 
process or a wet process, short staple fibers are 
firmly held together either by mechanical interlock- 
ing, or by bonding with a cementing medium. Due 
to the firm engagement of the short staple fibers, a 
stretching of the non-woven fabric is practically 
impossible. Even when the non-woven fabric is 
stretched, the stretching force is distributed un- 
evenly over the whole individual short staple fibers. 
On the other hand, a non-woven fabric composed 
of filaments is hardly stretchable when the fila- 
ments used contain bubbles or a large amount of 
foreign matter. The conventional filaments are 
drafted to gain strength before they are processed 
into a non-woven fabric, for example when the 
filaments are being spun. The strength of the fila- 
ments is therefore greater than the strength of 
interengagement between individual filaments, so 
that the stretching of the non-woven fabric results 



in a breakage of such interengagement and the 
stretching or rearrangement of the individual fila- 
ments does not take place. 

The non-woven fabric formed of un-oriented 
5 filaments 9 substantially laid longitudinally or 
lengthwise of the non-woven fabric is stretched 
longitudinally either by an apparatus shown Figure 
6, or by an apparatus shown in Figure 7. 

In the apparatus shown in Figure 6, the non- 
70 woven fabric 14 is fed through a cooperating pair 
of nip rolls 15a, 15b and then travels around a hot 
cylinder 16 during which time the non-woven fabric 
14 is preheated. Then the preheated non-woven 
fabric 14 is travels successively around a pair of 
75 slightly spaced stretching rolls 17a, 17b in which 
instance it is longitudinally stretched as the stretch- 
ing roll 17b is rotating at a speed higher than the 
speed of rotation of the stretching roll 17a. With 
this lengthwise stretching of the non-woven fabric 
20 14, the individual filaments are substantially 
stretched to thereby cause molecular orientation 
therein. The thus longitudinally stretched non-wov- 
en fabric 14 is heat-set as it is guided around a 
heat-treatment roll 18. The heat-set stretched non- 
25 woven fabric 14 is cooled to set by a cooling roll 
19 and then withdrawn from a nip roll 20. The 
stretched non-woven fabric 14 thus withdrawn con- 
stitutes a continuous warp web 21 of lengthwise 
stretched non-woven fabric which is thereafter used 
30 as a warp web 1 , 2 in the production of a laminated 
stretched non-woven fabric such as described 
above with reference to Figures 1 and 2. In order to 
obtain a uniformly stretched non-woven fabric, the 
stretching zone between the stretching rolls 17a, 
35 17b is limited to a minimum. As a consequence, 
the stretching rolls 17a, 17b have a small diameter 
and they are disposed closely to one another. 
Preferably, the stretching zone is not more than 
one-tenths of the original width of the web 14. 
40 In the apparatus shown in Figure 7, the non- 

woven fabric 14 formed of un-oriented filaments 
substantially laid in the lengthwise direction of the 
non-woven fabric 14 is fed to travel successively 
around a cooperating pair of nip rolls 22a, 22b, a 
45 turn roll 23, a cooperating pair of pressure rolls 
24a, 24b and a nip roll 25. The pressure rolls 24a, 
24b are heated at a proper stretching temperature 
. and define therebetween a roll nip which is smaller 
than the starting or original thickness of the non- 
50 woven fabric 14. Since the pressure roll 24b is 
rotating faster than the pressure roll 24a, the non- 
woven fabric 14 is stretched lengthwise as it is 
squeezed between the pressure rolls 24a, 24b. 
With this lengthwise stretching of the non-woven 
55 fabric 14, the individual filaments are substantially 
stretched in such a manner as to cause molecular 
orientation therein. The thus lengthwise stretched 
non-woven fabric 14 is heat-set as it is guided 
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around the hot pressure roil 24b. The heat-set 
stretched non-woven fabric 14 is then withdrawn 
from the nip roll 25. The non-woven fabric 14 thus 
withdrawn from the apparatus constitutes a continu- 
ous warp web 26 of lengthwise stretched non- 
woven fabric which is thereafter used as a warp 
web 1 , 2 of a laminated stretched non-woven fabric 
such as described above with reference to Figures 
1 and 2. This stretching (rolling) process is particu- 
larly advantageous in that the non-woven fabric can 
be stretched at a high magnification of stretch even 
when the non-woven fabric is irregular in thickness 
or in the degree of interengagement of individual 
filaments. Another advantage is that the stretched 
warp web has pearl-like glossy surfaces. 

The non-woven fabric formed of un-oriented 
filaments 9 substantially laid transversely of the 
non-woven fabric is stretched transversely either by 
an apparatus shown Figure 8, or by an apparatus 
shown in Figure 9. 

The apparatus shown in Figure 8 comprises a 
pair of laterally spaced pulleys 29a, 29b rotating at 
the same peripheral speed and disposed in sym- 
metry with respect to the direction of movement of 
the non-woven fabric 27 so as to define two diver- 
gent arcuate paths on and along their outer peri- 
pehral edges, and a pair of endless belts 30a, 30b 
trained under tension around respective lower parts 
of the peripheral edges of the pulleys 29a, 29b 
which define the two divergent arcuate paths. The 
lower parts of the pulleys 29a, 29b are received in 
a heating chamber 32 for heating the non-woven 
fabric 27 as it travel around the pulleys 29a, 29b. In 
operation, the non-woven fabric 27 fed longitudi- 
nally through a turn roll 28 into the pulleys 29a, 
29b is gripped at its opposite sides or selvages by 
and between the pulleys 29a, 29b and the cor- 
responding endless belts 30a, 30b and then is 
stretched transversely as the gripped selvages are 
moved along the two divergent arcuate paths. With 
this stretching of the non-woven fabric 27, the 
individual un-oriented filaments are substantially 
stretched in the transverse direction in such a 
manner as to cause molecular orientation therein. 
During stretching, the non-woven fabric 27 is heat- 
ed by hot water, hot air or an infrared heater which 
is provided in the heating chamber 32. In case 
where the hot air is employed, it is preferable to 
force the hot air to penetrate the non-woven fabric 
27, thus providing an increased heat efficiency. 
The transversely stretched non-woven fabric is 
withdrawn from a turn roll 31 and constitutes a weft 
web 33 of transversely stretched non-woven fabric 
which is thereafter used as a weft web 3 in the 
production of a laminated stretched non-woven fab- 
ric described hereinabove with reference to Figure 
2. 



The apparatus shown in Figure 9 includes a 
cooperating pair of grooved rolls 34a, 34b, each roll 
34a or 34b having a plurality of parallel spaced 
peripheral teeth 35 held in mesh with the teeth 35 

5 of the opposite grooved roll 34b or 34a for stretch- 
ing the non-woven fabric 36 transversely as the 
latter is squeezed between the rolls 34a, 34b. The 
transversely stretched non-woven fabric 36 is ten- 
tered and thereafter passed through at least one 

10 pair of similar grooved rolls (not shown). With this 
multistage transverse stretching, the resulted non- 
woven fabric has a high magnification of stretch 
and is uniform in structure. With the use of the 
grooved rolls 34a, 34b, actual stretching takes 

75 place at each of transversely juxtaposed narrow 
areas extending between adjacent teeth 35 on each 
roil 34a, 34b. This subdivided stretching is capable 
of take up or cancel out the irregularities in thick- 
ness of the non-woven fabric and the irregularities 

20 in bondage or interengagement of the individual 
filaments. Though not shown, opposite end portions 
of the respective grooved rolls 34a, 34b are free 
from groove so as to firmly grip selvages of the 
non-woven fabric while being stretched. Alternative- 

25 ly, the selvages of the non-woven fabric 36 may be 
gripped by and between the grooved rolls 34a, 34b 
and a pair of endless belts trained around the 
opposite ends of one grooved roll 34a, 34b. 

30 Claims 

1. A method of making a cross-laminated 
stretched non-woven fabric comprising the 
steps of: 

35 (a) forming a first web (14) of random-laid 

non-woven fabric; 

(b) stretching the first web (14) in the 
lengthwise direction; 

(c) forming a second web (27, 36) of ran- 
40 dom-laid non-woven fabric; 

(d) stretching the second web (27, 36); 

(e) laminating the first and second stretched 
webs (1, 21, 26; 3, 33) in such a manner 
that the respective directions of stretch of 

45 said first and second webs (1,21, 26; 3, 33) 

are crossed perpendicularly to one another; 
characterised in that prior to the stretching of 
the webs, the non-woven fabrics of the first 
and second webs are of substantially un-ori- 

so ented filaments (9) held together, and in that 

the stretching of the fabrics is such as to 
cause the individual un-oriented filaments (9) 
to be substantially stretched, thereby causing a 
molecular orientation therein . 

55 

2. A method according to Claim 1 characterised 
in that the first web (14) is stretched in the 
lengthwise direction, the second web (14) is 
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stretched in the lengthwise direction, and the 
second web (2; 21; 26) is severed successively 
into second web pieces (2a to 2c) of individual 
lengths substantially equal to the width of said 
first web (1; 21; 26), said second web pieces 
(2a to 2c) being laminated with said first web 
(1; 21; 26) with adjacent edges of said second 
web pieces (2a to 2c) in a substantially side- 
by-side arrangement with each other in such a 
manner that the direction of stretch of the first 
web (1; 21; 26) and the direction of stretch of 
the second web pieces (2a to 2c) are crossed 
perpendicularly to one another. 

3. A method according to Claim 1 characterised 
in that the first web (14) is stretched in the 
lengthwise direction, the second web (14) is 
stretched in the widthwise direction, and the 
second web (2; 21; 26) is laminated with said 
first web (1; 21; 26) with the direction of stretch 
of the first web (1; 21; 26) and the direction of 
stretch of the second web (3, 33) crossed 
perpendicularly to one another. 

4. A method according to Claim 2 or Claim 3, 
characterised in that the tensile strength of 
said first web in the longitudinal direction is 
more than five times as large as the tensile 
strength of the webs in the widthwise direction. 

5. A method according to Claim 2, characterised 
in that the tensile strength of said first and 
second webs in the longitudinal direction is 
more than five times as large as the tensile 
strength of the webs in the widthwise direction. 

6. A method according to Claim 2, characterised 
in that each of said first and second webs (14) 
is stretched lengthwise at a stretching zone to 
more than two times its original length while it 
is heated at a suitable stretching temperature, 
said stretching zone being not more than one- 
tenth of the original width of the web (1 4). 

7. A method according to Claim 3, characterised 
in that said first web (14) is stretched length- 
wise at a stretching zone to more than two 
times its original length while it is heated at a 
suitable stretching temperature, said stretching 
zone being not more than one-tenth of the 
original width of the web (14). 

8. A method according to Claim 2, characterised 
in that each of said first and second webs (14) 
is stretched by rolling with a cooperating pair 
of pressure rolls (24a, 24b) having a roll nip 
smaller than the original thickness of the web 
(14). 



9. A method according to Claim 2 or Claim 3, 
characterised in that said un-oriented filaments 
(9) have an elongation greater than 200 per 
cent at a suitable stretching temperature. 

5 

10. A method according to Claim 3, characterised 
in that said un-oriented filaments (9) have an 
elongation greater than 100 per cent at a suit- 
able stretching temperature. 

w 

11. A method according to Claim 2 or Claim 3* 
characterised in that said un-oriented filaments 
(9) are formed by melt spinning of polymeric 
material and, while being spun, the un-oriented 

75 filaments (9) are scattered by streams of hot 

air heated at a temperature above the melting 
temperature of said polymeric material. 

12. A method according to Claim 11, characterised 
20 in that said un-oriented filaments (9) extruded 

from a spinning nozzle (8) are first urged to 
move spirally into a downwardly spread conical 
shape by streams of hot air forced to impinge 
tangentially against the filaments (9), and 

25 thereafter urged to spread substantially in the 

lengthwise direction of non-woven fabric (13) 
while being produced by forcing two opposed 
stream of air to flow transversely of the non- 
woven fabric (13) and strike at a position be- 

30 neath the spinning nozzle (8). 

13. A method according to Claim 3, characterised 
in that said second web (27) is stretched by 
gripping opposite selvages of the second web 

35 (27) by and between a pair of pulleys (29a, 

29b) rotating at the same peripheral speed and 
defining two divergent arcuate paths on and 
along their peripheral edges, and a pair of 
endless belts (30a, 30b) trained under tension 

40 around the respective pulleys (29a, 29b) and 

extending respectively along said divergent ar- 
cuate path, and thereafter moving the thus 
gripped selvages along said divergent arcuate 
path. 

45 

14. A method according to Claim 13, characterised 
in that said divergent arcuate paths are dis- 
posed in a heating chamber (32). 

50 15. A method according to Claim 3, characterised 
in that said second web (36) is stretched by 
being passed through at least one cooperating 
pair of grooved stretching rolls (34a, 34), each 
roll (34a, 34b) having a plurality of parallel 

55 spaced teeth (35) held in meshing engagement 

with the teeth (35) on an opposite grooved roll 
(34b, 34a). 
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16. A method according to Claim 15, characterised 
in that said second web (36) is stretched by 
being passed successively through a plurality 
of pairs of grooved stretching rolls (34a, 34b). 

Patentanspruche 

1. Verfahren zur Herstellung einer kreuzweise ge- 
schichteten ungewebten Ware mit folgenden 
Schritten: 

(a) Bildung eines ersten Gewebes (14) mit 
zufallig gelegter ungewebter Ware; 

(b) Strecken des ersten Gewebes (14) in 
Langsrichtung; 

(c) Bildung eines zweiten Gewebes (27, 36) 
mit zufallig gelegter ungewebter Ware; 

(d) Strecken des zweiten Gewebes (27, 36); 

(e) Schichten des ersten und des zweiten 
gestreckten Gewebes (1, 21, 26; 3, 33) in 
solch einer Weise, daB die jeweiligen 
Streckrichtungen der ersten und zweiten 
Gewebe (1 , 21 , 26; 3, 33) senkrecht zuein- 
ander gekreuzt sind; 

dadurch gekennzeichnet, 
daB vor dem Strecken der Gewebe die unge- 
webten Waren der ersten und zweiten Gewebe 
aus im wesentlichen unorientierten Faden (9) 
zusammengehalten werden, und daB das 
Streccken der Waren derart erfolgt, daB die 
individuellen unorientierten Faden (9) im we- 
sentlichen gestreckt werden, wobei darin eine 
molekulare Orientierung hervorgerufen wird. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, 

dafl das erste Gewebe (14) in Langsrichtung 
gestreckt wird, daB das zweite Gewebe (14) in 
Langsrichtung gestreckt wird, und daB das 
zweite Gewebe (2, 21; 26) nacheinander in 
zweite Gewebeteile (2a bis 2c) mit individuel- 
len Langen geteilt wird, die im wesentlichen 
der Breite des ersten Gewebes (1; 21; 26) 
entsprechen, daB die zweiten Gewebeteile (2a 
bis 2c) mit dem ersten Gewebe (1; 21; 26) 
geschichtet werden, wobei sich die benachbar- 
ten Kanten der zweiten Gewebeteile miteinan- 
der im wesentlichen in einer Seite-an-Seite- 
Anordnung befinden derart, daB die Streckrich- 
tung des ersten Gewebes (1; 21; 26) und die 
Streckrichtung der zweiten Gewebeteile (2a bis 
2c) senkrecht zueinander gekreuzt sind. 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, 

daB das erste Gewebe (14) in Langsrichtung 
gestreckt wird, daB das zweite Gewebe (14) in 
Breitenrichtung gestreckt wird, und daB das 
zweite Gewebe (2; 21; 26) mit dem ersten 



Gewebe (1; 21; 26) geschichtet wird, wobei die 
Streckrichtung des ersten Gewebes (1; 21; 26) 
und die Streckrichtung des zweiten Gewebes 
(3, 33) senkrecht zueinander gekreuzt sind. 

5 

4. Verfahren nach Anspruch 2 oder 3, dadurch 
gekennzeichnet, 

daB die Zugfestigkeit des ersten Gewebes in 
Langsrichtung mehr als funfmal so groB ist wie 
70 die Zugfestigkeit der Gewebe in Breitenrich- 

tung. 

5. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, 

75 daB die Zugfestigkeit der ersten und zweiten 

Gewebe in Langsrichtung mehr als funfmal so 
groB ist wie die Zugfestigkeit der Gewebe in 
Breitenrichtung. 

20 6. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, 

daB jedes der ersten und zweiten Gewebe (14) 
in einer Streckzone urn mehr als das Zweifa- 
che seiner Ursprungslange in Langsrichtung 
25 gestreckt wird, wahrend es auf eine geeignete 

Strecktemperatur erhitzt wird, und daB die 
Streckzone nicht mehr als ein Zehntel der Ur- 
sprungsbreite von dem Gewebe (14) betragt. 

30 7, Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, 

daB das erste Gewebe (14) in einer Streckzone 
urn mehr als das Zweifache seiner Ursprungs- 
lange in Langsrichtung gestreckt wird, wah- 
35 rend es auf eine geeignete Strecktemperatur 

erhitzt wird, und daB die Streckzone nicht mehr 
als ein Zehntel der Ursprungsbreite von dem 
Gewebe (14) betragt. 

40 8- Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, 

daB jedes der ersten und zweiten Gewebe (14) 
Gber Walzen mittels einem kooperierenden 
Paar Druckwalzen (24a, 24b) gesreckt wird, die 
45 einen Walzspalt haben, der geringer ist als die 

Ursprungsdicke des Gewebes (14). 

9. Verfahren nach Anspruch 2 oder 3, dadurch 
gekennzeichnet, 

50 daB die unorientierten Faden (9) bei einer ge- 

eigneten Strecktemperatur eine Dehnung von 
mehr als 200 Prozent haben. 

10. Verfahren nach Anspruch 3, dadurch gekenn- 
55 zeichnet, 

daB die unorientierten Faden (9) bei einer ge- 
eigneten Strecktemperatur eine Dehnung von 
mehr als 100 Prozent haben. 
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11. Verfahren nach Anspruch 2 oder 3, dadurch 
gekennzeichnet, 

daB die unorientierten Faden (9) mittels 
Schmelz-Spinnen eines Polymermaterials ge- 
bildet werden und daB die unorientierten Fa- 
den (9) wahrend des Spinnens durch Strdme 
heiBer Luft, die auf eine Temperatur oberhalb 
der Schmelztemperatur von dem Polymerma- 
terial erhitzt worden sind, verteilt werden. 

12. Verfahren nach Anspruch 11, dadurch gekenn- 
zeichnet 

daB die von einer Spinnduse (8) geprefiten 
unorientierten Faden (9) zunachst dazu ge- 
bracht werden, sich spiralformig in einer nach 
unten gerichteten verbreiterten konischen Form 
zu bewegen, und zwar mittels Stromen von 
heiBer Luft, die derart getrieben werden, dafi 
sie tangential gegen die Faden (9) treffen, und 
dafi sie danach dazu gebracht werden, sich im 
wesentlichen in Langsrichtung von der unge- 
webten Ware (13) zu verbreiten, wahrend die- 
se hergestellt wird, indem zwei entgegenge- 
setzte Luftstrome in Querrichtung zur unge- 
webten Ware (13) getrieben werden und in 
einer Position unterhalb der Spinnduse (8) zu- 
sammentreffen. 

13. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, 

daB das zweite Gewebe (27) gestreckt wird 
mittels Greifen der gegenuberliegenden Kan- 
ten des zweiten Gewebes (27) durch und zwi- 
schen einem Paar Scheiben (29a, 29b), die mit 
der gleichen Umfangsgeschwindigkeit rotieren 
und zwei divergierende gewolbte Wege an und 
entlang ihrer Umfangskanten bilden, und durch 
ein Paar Endlosbander (30a, 30b), die unter 
Spannung um die jeweiligen Scheiben (29a, 
29b) ausgebildet sind und sich jeweils entlang 
der divergierenden gewolbten Wege erstrek- 
ken, und daB sich die so gegriffenen Kanten 
anschliefiend entlang der divergierenden ge- 
wolbten Wege bewegen. 

14. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet, 

daB die divergierenden gewolbten Wege in 
einer Erhitzungskammer (32) angeordnet sind. 

15. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, 

daB das zweite Gewebe (36) gestreckt wird, 
indem es durch mindestens ein kooperieren- 
des Paar mit Kerben versehener Walzen (34a, 
34b) hindurchgefuhrt wird, wobei jede Walze 
(34a, 34b) eine Vielzahl von parallel angeord- 
neten Zahnen (35) hat, die in eingreifender 



Verbindung mit den Zahnen (35) auf einer ge- 
genuberliegenden mit Kerben versehenen Wal- 
ze (34b, 34a) gehalten werden. 

5 16. Verfahren nach Anspruch 15, dadurch gekenn- 
zeichnet, 

daB das zweite Gewebe (36) gestreckt wird, 
indem es nacheinander durch eine Vielzahl 
von Streckwalzenpaaren mit Kerben (34A, 
70 34B) hindurchgefuhrt wird. 

Revendications 

1. Procede pour realiser une etoffe non tissee 
75 etiree a couches croisees, comprenant les eta- 

pes consistant a: 

(a) former une premiere nappe (14) d'une 
etoffe non tissee a fibres disposees de fa- 
gon aleatoire; 

20 (b) etirer la premiere nappe (14) dans la 

direction longitudinale; 
(c) former une seconde nappe (27, 36) 
d'une seconde etoffe non tissee k fibres 
disposees de fagon aleatoire; 

25 (d) etirer la seconde nappe (27, 36); 

(e) laminer les premiere et seconde nappes 
etirees (1, 21, 26; 3, 33) de maniere que les 
directions respectives de d'etirage desdites 
premiere et seconde nappes (1, 21, 26; 3, 

30 33) se croisent perpendiculairement Tune 

Tautre; 

caracterise en ce qu'avant I'etirage des 
nappes, les etoffes non tissees des premiere 
et seconde nappes sont constitutes par des 

35 filaments sensiblement non orientes (9) main- 

tenus rassembles, et en ce que I'etirage des 
etoffes est tel qu'il amene les filaments non 
orientes individuels (9) a etre sensiblement 
etires, provoquant ainsi une orientation mole- 

40 culaire a Tinterieur de ceux-ci. 

2. Procede selon la revendication 1, caracterise 
en ce que la premiere nappe (14) est etiree en 
direction longitudinale, la seconde nappe (14) 

45 est etiree dans la direction longitudinale, et la 

seconde nappe (2; 21; 26) est successivement 
sectionnSe en des seconds §l6ments de nappe 
(2a, 2c) de longueurs individuelles sensible- 
ment egales a la largeur de ladite premiere 

50 nappe (1; 21; 26), lesdits seconds elements de 

nappe (2a, 2c) etant lamines avec ladite pre- 
miere nappe (1; 21; 26) alors que les bords 
adjacents desdits seconds elements de nappe 
(2a, 2c) sont disposes selon un agencement 

55 sensiblement cote a cote de maniere que la 

direction de I'etirage de la premiere nappe (1; 
21 ; 26) et la direction de Tdtirage des seconds 
elements de nappe (2a, 2c) se croisent per- 
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pendiculairement Tune I'autre. 

3. Procede selon la revendication 1, caracterise 
en ce que la premiere nappe (14) est etiree 
dans la direction longitudinale, la seconde nap- 5 
pe (14) est etiree dans la direction transversa- 

le, et la seconde nappe (2; 21; 26) est laminee 
avec ladite premiere nappe (1 ; 21 ; 26) dans la 
direction d'etirage de la premiere nappe (1; 21; 
26), la direction d'etirage de la premiere nappe w 
(1; 21; 26) et la direction d'etirage de la secon- 
de nappe (3, 33) etant croisees perpendiculai- 
rement Tune par rapport a I'autre. 

4. Procede selon la revendication 2 ou la revendi- 75 
cation 3, caracterise en ce que la resistance a 

la traction de ladite premiere nappe dans la 
direction longitudinale est superieure a cinq 
fois la resistance a la traction des nappes dans 
la direction transversale. 20 

5. Procede selon la revendication 2, caracterise 
en ce que la resistance & la traction desdites 
premiere et seconde nappes dans la direction 
longitudinale est superieure a cinq fois la resis- 25 
tance a la traction des nappes dans la direc- 
tion transversale. 

6. Procede selon la revendication 2, caracterise 

en ce que chacune desdites premiere et se- 30 
conde nappes (14) est etiree longitudinalement 
dans une zone d'etirage a plus de deux fois sa 
longueur d'origine alors qu'elle est chauffee a 
une temperature d'etirage appropriee, ladite 
zone d'etirage n'etant pas superieure au dixie- 35 
me de la largeur d'origine de la nappe (14). 

7. Procede selon la revendication 3, caracterise 
en ce que ladite premiere nappe (14) est etiree 
longitudinalement dans une zone d'etirage sur 40 
plus de deux fois sa longueur d'origine alors 
qu'elle est chauffee a une temperature d'etira- 
ge appropriee, ladite zone d'etirage n'etant pas 
superieure au dixieme de la largeur d'origine 

de la nappe (14). 45 

8. Procede selon la revendication 2, caracterise 
en ce que chacune des premiere et seconde 
nappes (14) est etiree en etant entraTnee par 

une paire cooperante de rouleaux de pression 50 
(24a, 24b) comportant une zone de pincement 
inf£rieure & I'epaisseur d'origine de la nappe 
(14). 

9. Procede selon la revendication 2 ou la revendi- 55 
cation 3, caracterise en ce que lesdits fila- 
ments non orients (9) ont un allongement 
superieur a 200 pour cent a une temperature 



d'etirage appropriee. 

10. Procede selon la revendication 3, caracterise 
en ce que lesdits filaments non orientes (9) ont 
un allongement superieur a 100 pour cent a 
une temperature d'etirage appropriee. 

11. Procede selon la revendication 2 ou la revendi- 
cation 3, caracterise en ce que lesdits fila- 
ments non etires (9) sont formes par filage en 
fusion d'une matiere polymere et, pendant le 
filage, les filaments non orientes (9) sont epar- 
pilles par des courants d'air chaud chauffe a 
une temperature superieure a ia temperature 
de fusion de ladite matiere polymere. 

12. Procede selon la revendication 11, caracterise 
en ce que lesdits filaments non orientes (9) 
extrudes a partir d'une buse de filage (8) sont 
d'abord sollicites de fagon a se deplacer en 
spirale selon une forme conique s'eiargissant 
vers le bas par des courants d'air chaud ve- 
nant frapper tangentiellement les filaments (9), 
et ensuite sollicites de fagon a s'etaler sensi- 
blement dans la direction longitudinale de 
retoffe non tissee (13) en etant produits en 
obligeant deux courants d'air opposes a 
s'ecouler transversalement & retoffe non tissee 
(13) et a venir la frapper dans une position 
situee au-dessous de la buse de filage (8). 

13. Procede selon la revendication 3, caracterise 
en ce que ladite seconde nappe (27) est etiree 
en maintenant les lisieres opposees de la se- 
conde nappe (27) par et entre une paire de 
poulies (29a, 29b) tournant a la meme vitesse 
peripherique et definissant deux parcours ar- 
qu6s divergents sur et le long de leurs bords 
peripheriques, et une paire de courroies sans 
fin (30a, 30b) passant sous tension autour des 
poulies respectives (29a, 29b) et s'etendant 
respectivement le long desdits parcours ar- 
ques divergents, et deplagant ensuite les lisie- 
res ainsi maintenues le long desdits parcours 
arques divergents. 

14. Procede selon la revendication 13, caracterise 
en ce que lesdits parcours arques divergents 
sont disposes dans une chambre de chauffage 
(32). 

15. Procede selon la revendication 3, caracterise 
en ce que ladite seconde nappe (36) est etiree 
en etant passee par au moins une paire coo- 
perante de rouleaux d'etirage a gorges (34a, 
34), chaque rouleau (34a, 34b) comprenant 
une pluralite de dents espacees et parall&les 
(35) maintenues en engagement avec les 



10 



19 



EP 0 379 763 B1 



dents (35) d'un rouleau a gorges oppose (34b, 
34a). 

16. Proc£d6 selon la revendication 15, caract6ris6 
en ce que ladite seconde nappe (36) est etiree 5 
en etant passee successivement par une plura- 
lity de paires de rouleaux d'etirage a gorges 
(34a, 34b). 

w 
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FIG. 4 
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FIG. 6 
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